Introduction
The three entrance requirement of the Institution of Students who are given the chance to receive higher education in public university in Malaysia are subsidized by the government. The three entrance requirement of the Institution of High Education (IHE) available to pursue the Degree in Universiti Tun Hussein Onn Malaysia are Diploma, Matriculation and STPM. The majority of Matriculation students are Bumiputera and Chinese for STPM [1] . The selection criteria for Matriculation and STPM students are under the control of Ministry Institution of Higher Education (IHE). However, universities have an authority to select and determine the credential of students during Degree.
The performances of students are obtained by measuring the learning assessment and curriculum [2] . It is well accepted that the quality of the graduates is often measured by their class degrees or the final grades earned which is commensurate with Grade point Average (GPA) achieved [3] .
Many of students actually entered with a low academic performance but improved while in university to the point of becoming an excellent student. Hence, the level of achievement of students before entering university does not determine the level of achievement of students while in university.
Currently, many techniques propose to evaluate the students' performance. Data mining is the common techniques that widely used in education area especially for analysing students' performances [4] . The process of study using the data mining extracted a useful information and pattern from a huge educational database [5] . This study, therefore, assisted the educator in providing an effective approach to study on students' performance.
Survival analysis is a statistical procedure that has time to event data and for data analysis in which the outcome of interest is time until an event occurs [6] . In contrast, survival analysis allows inclusions of information for those who were failed during the study [7] .
Survival analysis that applied in an academic sector used to only determine whether the groups of the study had a significantly different survival time [8] . Rottenly, the researchers are interested in comparing more than two groups of treatments using the survival curves [9] . When this is done, the chance of making at least type 1 error or finding a falsely significant difference between any two groups is increased above the desired level.
By applying the survival analysis method, the chance to make at least type 1 error or finding a falsely significant difference is high. Problems are arises when more than two groups exist in selecting the best groups in the study. The log-rank test and Kaplan Meier estimator in the survival analysis conclude the results without any adjustment resulting in excessing of produce type 1 error. The applicable method to handle in comparison respective group of undergraduate students is decided by using multiple comparisons procedures or multiple hypothesis testing. The key goal of multiple hypothesis testing are to limit or at least measure of type 1 errors result [10] .
Many techniques proposed by previous researchers for more than two groups of study. Post Hoc procedure is the hypothesis testing method in this multiple hypothesis testing studies. Recently, more than twenty tests in Post Hoc procedure are available. Several post hoc procedures for pairwise comparison like Dunnet [11] , Tukey [12] , Scheffe [13] and Duncan test [14] which use the Bayesian inference are used.
Every test has its own advantages and disadvantages. The previous researcher has used Bonferroni correction because of it is simple and easy to handle for a small data [10] . This study different with the previous researcher. The Scheffe test is generally applied to unequal sample size. Since this study involves the different number of sample size for each group which are Diploma, Matriculation and STPM by each semester, the Scheffe test is the most appropriate Post Hoc procedure to used and applied for this study compared to the Bonferroni correction.
The use of Scheffe test in survival analysis for students is randomly seen. The GPA students from Diploma, Matriculation and STPM are compared by using the Scheffe test. This is the main motivation behind this research attempt to explore the application of multiple hypothesis testing in survival analysis. The Kaplan-Meier plot and the logrank test are used to compare the survival of students in a different group (Diploma, Matriculation and STPM).
In this paper, survival analysis with multiple hypothesis testing is performed on undergraduate students in UTHM. This paper proposed survival analysis with multiple hypothesis testing to come up with this issue which is to determine which undergraduate student perform better during the Degree is based on the GPA obtains by each semester.
The next section of this paper focused on the methodology used in comparing and estimated students' performance using multiple comparison procedures and survival analysis. Then, the result and discussion is described in section 3. Finally, the conclusion is outlined in Section 4.
Methodology
This research focuses on the undergraduate students' in UTHM for intake 2011/2012. The data is collected from the Students' Academic Department (PPA). Hence, this study focused on the GPA obtained for every semester from Diploma, Matriculation and STPM students. The statistical packages used for this research are the SPSS and R package. The SPSS software used for multiple hypothesis testing used Scheffe test in Post Hoc procedure and R package for the analysis of survival of undergraduate students using the Kaplan Meier method and Log rank test. KaplanMeier, log-rank test and Post Hoc adjustment method (Scheffe test) are practiced to fulfill the result of survival analysis with the Post hoc comparison.
The independent variable for undergraduates certificates of qualification before pursues the Degree are taken in the studies to find out their effect on student performance in UTHM. The variable is divided into three certificates of qualifications has the first category as Diploma, the second category defined Matriculation and the third category covers the STPM students who pursues the Degree in UTHM.
Kaplan-Meier estimation of the survival function
The Kaplan-Meier (product-limit) method was a special case of the life table technique in which the series of time intervals were formed in such a way that only one event occurred in each time interval [15] . Suppose that there are n individuals with observed survival times 1 , 2 , 3 … , and r is the failure time among the individuals where < . The ordered failure times
(
Let which = 1,2, … , be the number of individuals who were success just before the time ( ) and let ( ) be the number of individuals failed at time ( ) . The probability for an individual failed during the interval
Therefore the corresponding estimated survival probability in that interval is
If the censored survival times and one or more failure times were same, then, in this case, it is assumed that the censored survival time is taken to occur immediately after the failure time. So, the estimated survival function for any time in the in the ℎ constructed time interval from ( ) to ( +1) , = 1, 2, … , and all the preceding time intervals is led to the following Kaplan-Meier estimate of the survivor function,
Statistical test using Log-rank test
The log-rank test is the nonparametric statistical test used for the comparison of two or more groups of survival data. These tests are used for the comparison of three groups in the undergraduate student's survival data. The hypothesis testing for this log-rank test as:
0 : All survival curves were the same 1 : All survival curves were difference Log-rank statistics for more than two groups involves variances and covariance of observed values minus expected values, ( − ). The log rank statistics ~ 1 2 with G -1 degree of freedom, df.
The variation of the log-rank test derived by applying different weights at the j th failure time. Weighting the Test statistics:
∑ ( ) = Weight at j th failure time Number of failures = Expected cell counts = This can be seen by relative weight assigned to the test. The log rank test was optimal under proportional hazard assumptions. The Breslow test had high power under the proportional hazard assumptions.
Post Hoc procedures using the Scheffe test method
ANOVA analysis is used to examine the significant differences among the mean GPAs obtained from Semester 1 until Semester 8 of the students for two and more groups which Diploma, Matriculation and STPM. After the analysis, if the is largest and 0 rejected, the Scheffe test will conduct to identify which qualification performs better during the Degree.
The decision of the One-Way Analysis of Variance is to reject the null hypothesis, meaning that at least one of the means is not the same as the other means. The mean comparison is conducted after the one-way ANOVA to figure out which variables actually difference. The mean comparison using Scheffe test is used in this analysis. This test This test is set up to test if pairs of means are different. The formulas refer to mean sample and mean sample . The values of and are varied, and the total number of tests will be equal to a combination of , the number of samples.
0 : = 1 : ≠ The Scheffe test is customarily used with unequal sample sizes, N. The critical value for the Scheffe test is the degrees of freedom for the between variance times the critical value, V for the one-way ANOVA. This simplifies to be:
Test statistics for the Scheffe test,
Number of sample group i: Number of sample group j: Sample mean of group i: ̅ Sample mean of group j: ̅ Sample variance:
2
The significance level of students pursues the Degree is determined. When the number of comparisons became large, the test became too conservative and no longer allowed to find any variables was significant [16] . So for an overall comparison, if p-value less than 0.05 then considered difference is statistically significant. And pairwise comparison is significant if the p-value less than 5% divided by three groups = 1.7%. So for an overall comparison if the p-value is less than 0.05 then considered difference would be statistically significant. And pairwise would be statistically significant if the p-value is less than 1.7%.
Result and Discussion
The Diploma (D), Matriculation (M) and STPM (S) students in UTHM is analysed based on the semesters enrolled using the multiple comparison procedures and KaplanMeier. One of the best featured of KaplanMeier estimator is the estimating of survival curve, plotting can summarize the patterns of response and survival curves can visually compare [17] .
In this study, Kaplan-Meier curves are used to describe the survival times of groups of students based on the qualifications. The Kaplan-Meier result summarizes survival data in terms of the number of events and the proportion surviving at each event time point. The time of this study is the number of semesters enrolled by Undergraduate students. The event from this study is student's achievement-GPA > 2.0 during Degree based on a number of the semester enrolled by students during the Degree. From this result, the proportion of survival students slightly decreased when students enrolled the study.
The Kaplan Meier survival estimate outlines the survival data in terms of the number of events and the proportion of surviving at each time to event point. Time in this study is the semesters enrolled by the students. The Kaplan Meier estimates can help explain the curve and the way the curve ends. The result of Kaplan Meier estimate for overall students can clearly see in Table 1 .
In Table 1 , three students have an event of GPA > 2.00 for all students pursue the Degree only 1 semester, 34 for enrolled 2 semesters, 17 for 3 semesters, 48 for 4 semesters and 107 for students enrolled 5 semesters. The number of events increased for students enrolled 6 semesters since many of the students performed well (GPA > 2.00) during the Degree. Since many Diploma students enrolled only 6 semesters, the number of events (students survives) decreased for students enrolled 7 semesters and increased for 8 semesters. The survival probability plot using Kaplan-Meier estimation can be seen in detail in Fig. 1 . (6) (7) The event from this study is Bachelor's Degree student result with GPA > 2.0 during the semester of study from Semester 1 until Semester 8. From Table 1 , the proportion of survival Bachelor's Degree students slightly decreased when students enrolled more than six semesters.
Kaplan-Meier plot is displayed in Fig. 1 to show the survival plot of students along time (semester enrolled) among various groups which are Diploma, Matriculation and STPM. Survival experienced or students' performance of Diploma are completely different from Matriculation and STPM groups of Bachelor's Degree students based on the certificates of qualification. In the early stage of the study, every category has approximately same survival of students' performance but with time being, the width of a curve in Fig. 1 became wider. Fig. 2 is plotted for a clear explanation. This Fig. 2 showed that a big difference survival probability of STPM students compared to Diploma and Matriculation.
To find out that whether these differences occurred by chance or the difference is really significant, the log-rank test is performed with the post hoc comparison for each pair of a group in every variable. The post hoc adjusted p-value was calculated by Scheffe test. Both variables shows the overall significant differences among groups. Meanwhile, in order to find out which pairs group is a significantly different, the test is done by using Scheffe test. The log-rank test is used to compare the survival times of Diploma, Matriculation and STPM. The null hypothesis for a log-rank test is the group that has the same survival. The log-rank test has a chisquared distribution, 2 with two degrees of freedom. The 2 = 13542 from the analysis is higher than 2 =0.05 = 5.991. It indicates that the certificates of qualification of Degree students are statistically significant in survival. Hence, it shows that these certificates of qualifications has a difference survival time when pursues the Degree in UTHM at the significance level of 0.05. It can be concluded that there are significant difference between STPM curve, Diploma curve and Matriculation curve by using the log-rank test. Table 2 
Discussion
The multiple hypothesis testing with adjust of p-value is concerned by the statisticians since a long time [18, 19] . The p-value adjustments fixed in the ANOVA study and in common hypothesis procedure. There are frequently no exact adjustment method obtains for comparisons more than two groups to calculate adjusted p-value directly in survival analysis.
The comparison of three groups using the Log-rank test in survival analysis methods for three groups are not available to handle since it concludes with all the general. The Log-rank test only stated that there are significant difference in students' performance by Diploma, Matriculation and STPM when pursuing the Degree at α = 0.05. Accordingly, categorize the two groups for each independent variable for multiple comparisons using Scheffe test for analysis using a pair (D, M) and a pair (D, S).
By applying of Scheffe test, groups of students are significant difference can determined. The data is taken from student achievement data for the study on student survival and the independent variables Semester 1 until Semester 8 are interpreted as simple analysis when using Scheffe test.
All the analysis yields the Kaplan-Meier curve reveals there are significant difference in survival among independent variables which is semesters for three certificates of qualification using a Log-rank test. After the analysis was further for Post-hoc or multiple comparisons, the Kaplan-Meier curve shows a clear difference in category Diploma, STPM and Matriculation, STPM.
The Post Hoc and Kaplan-Meier curve show a statistically significant difference in the category of Diploma (D), Matriculation (M) and STPM (S).
The study reveals the significant difference among Bachelor's Degree student survival among Diploma, Matriculation and STPM. The Scheffe test finding is supported by a Kaplan-Meier curve. But in a case of Post-Hoc comparison using Scheffe test, category Diploma and STPM (D, S) and Matriculation and STPM (M, S) show a clear difference in survival pattern of students.
From the Log-rank test for non-adjusted p-value, the Kaplan-Meier curve is also illustrates the difference survival for each of the qualifications but a vaguely not far from the pattern in starting of the survival curve in Figure 1 . After the p-value adjusted by the Scheffe test for comparison a pair Diploma, Matriculation and it founds an insignificant difference between students from Diploma and Matriculation for Degree students' survival.
Thus, it can be summarized that the survival analysis that applies Post Hoc comparison and survival analysis methods show that the STPM has a significant difference when compared with students from Diploma and Matriculation. So, the pair of study for Diploma, Matriculation and STPM gives a correction of p-value using Scheffe test and reveals the importance of p-value adjustment in multiple hypothesis testing to sum up it all.
Conclusion
The students' performance shows that 95% confident that the Diploma, Matriculation and STPM are significantly different. In this research, it noted that the multiple comparison procedures and Kaplan-Meier estimator analysed well to the analysis of students' performance for student intake 2011/2012 in University Tun Hussein Onn Malaysia.
Since the survival analysis cannot determine which pair was significant, hence, the Post Hoc that adjust the p-value is calculated by Scheffe test. Moreover, these methods are proposed because it is suits to use for not equal sample size used for each category for the study and a large number of samples.
The use of nonparametric survival models greatly reduce a cost, a number of sample size and time to follow up. From this study, it concludes that the survival curve of students from Diploma, Matriculation and STPM are different. All of the methods that has applied in this study agrees that the STPM students in UTHM performed better in Degree for intake 2011/2012.
Additionally, the accuracy of the results has been high since the methods proposed produced the consistent result. These methods well estimated the survival curve of different qualifications based on the semester enrolled by the students. The research using nonparametric survival model gave many advantages. Besides that, the specific qualifications that gave a good performance during the study are also determined. However, the Kaplan-Meier estimator is low compared to the efficiency obtained under the parametric setup [20] .
